Twelve genotypes of rice collected from the National Cereals Research Institute (NCRI), Badeggi, Bida, Niger State, Nigeria were evaluated to estimate the magnitude of genetic variability and relationship of some agronomic traits of rice and their contributions to yield. The results obtained showed a significant difference (p ≤ 0.05) among the genotypes in all the traits studied. Genotype 'WAB 35-1-FX2' produced a significantly higher grain yield of 3.40 t/ha compared with all the other genotypes in the two years combined. Genotypes 'WAB 33-25', 'WAB 56-1-FX2', 'WAB 56-39', 'WAB 56-125', 'ITA 150' and 'FAROX 16 (LC)' were the most stable grain yielding genotypes across the two years of the experiment. High broad sense heritability (h 2 bs ) was associated with grain yield (h 2 bs = 98.63%), number of spikelets/panicle (98.78%), plant height (98.34%) for the first year planting, whereas in the second year planting, days to 50% flowering (96.72%), days to maturity (94.14%) and grain yield (83.33%) were among the traits that showed high broad sense heritability. The two years combined correlation analysis showed that grain yield correlated significantly and positively with number of spikelets/panicle (r = 0.2358*), number of panicles/m 2 (r = 0.1895*), number of fertile spikelets/panicle (r = 0.1672*) and 1,000 grain weight (r = 0.1247*), indicating that these traits can be phenotypic basis for improving grain yield of rice. Conversely, grain yield exhibited negative correlation with days to 50% flowering (-0.3009) and days to maturity (-0.2650), though not significant. This suggests that rice grain yield can be improved by selecting early flowering and maturing genotypes especially under heat and drought prone conditions.
Introduction
Rice (Oryza sativa L.) is the world's second most important cereal crop; it is only exceeded by wheat in terms of demand and production. Rice is the fundamental principal food for about half of the world's population, supplying 20% of the calories consumed worldwide (Kubo and Purevdorj, 2004) . It is a staple food in Africa, especially in Nigeria, Coted'Voire, Gambia, Guinea-Bissau, Liberia, Madagascar, Mauritania, Senegal, Sierra Leone among others (Malton et al., 1998) . The world population is expected to reach eight billion by 2030 and rice production must increase by 50% in order to meet the growing demand (Khush and Brar, 2002) . The need for expansion of rice production depends not only on adoption of improved production practices, but also on breeding the available rice cultivars for higher yield productivity.
Plant breeders mostly evaluate their germplasm to generate breeding materials of which the superior lines will be selected for further crop improvement. The success of increasing the productivity of any crop through breeding largely depends on the presence of variability among the breeding materials (Adeyemo and Ojo, 1991; Padulosi, 1993) . Genetic variability studies are important in selection of parents for hybridization (Chaudhary and Singh, 1982) because crop improvement depends upon magnitude of genetic variability in base population (Adebisi et al., 2001) . Once genetic variability has been ascertained, crop improvement is possible through the use of appropriate selection method, and increasing total yield would be made easier by selecting for yield components because they are more often easily inherited than total yield itself (Ukaoma et al., 2013) .
The available variability in a population can be partitioned into genetic and environmental variances, heritability estimates and genetic advance that serve as basis for improving the existing rice genotypes. Therefore, the aim of the research was to evaluate genetic variability among twelve improved rice genotypes collected from the National Cereals Research Institute (NCRI), Badeggi, Bida, Niger State, Nigeria, and to determine agronomic traits that will be used for improving yield of the crop. Ve = MSe ; Vg = (MSg -MSe)/r ; Vp = Vg + Ve Where Vp, Vg and Ve are phenotypic variance, genotypic variance and environmental variance, respectively, and MSg, MSe and r are the mean squares of genotypes, mean squares of error and number of replications, respectively. Yield stability studies of the genotypes performance of the two year were done using GenStat Release 10.3 DE Discovery Edition 4 software (GenStat, 2011) .
To compare the variations among traits, phenotypic coefficient of variation (PCV), genotypic coefficient of variation (GCV) and environmental coefficient of variation (ECV) were computed according to (Burton, 1952) :
Where x is the grand mean for each of the traits measured. Broad sense heritability (h 2 bs) expressed as the percentage of the ratio of the genotypic variance (Vg) to the phenotypic variance (Vp) was estimated as described by (Uguru, 2005; Acquaah, 2007) .
Genetic advance (GA) was estimated by the methods of Johnson et al. (1955) as:
Where K is a constant (2.06) at 5% selection intensity, PV is the phenotypic variance and GV is genotypic variance.
Results and Discussion
The mean squares and genetic parameters of twelve genotypes of rice planted for the two years are presented in Table 2 . The analysis of variance showed significant (p ≤ 0.05) effects for all the traits studied in both years. The significant differences observed among the genotypes for all the traits in both first and second year plantings suggest the existence of inherent genetic variability among the genotypes (Ndukauba et al., 2015) that can be exploited for improvement.
Agronomic traits performance of the 12 rice genotypes across the two years as presented in Table 2 showed there were significant differences (p ≤ 0.05) in the performance of each genotype across the two years. Genotype 'WAB 35-1-FX2' produced highest grain yield of 2.90 and 3.90 t/ha in the first and second year respectively, followed by 'WAB 56-144-FX' genotype (2.80 and 3.50 t/ha), while the least was obtained in 'FAROX 16 (LC)' with 1.70 and 2.00 t/ha. 'WAB 56-1-FX2' genotype gave higher weight of 1,000 grain weight of 37.80 and 38.30 g for first and second year respectively, followed by , whereas 'WAB 56-39' genotype produced the lowest 1,000 grain weight of 27.80 and 28.18 g across the years under experiment.
Although there were significant differences in the traits performance of the genotypes across the two years, some maintained a stable performance across both years. This result indicates that the performance of these genotypes is
Materials and Methods
The experiments were carried out in the Department of Crop Science Experimental Farm, Faculty of Agriculture, University of Nigeria, Nsukka, Nigeria, in order to evaluate twelve genotypes of upland rice genotypes collected from the National Cereals Research Institute (NCRI), Badeggi, Bida, Niger State, Nigeria, for high yield performance for two years. The progenies of the first year planting were used for the second year planting. The genotypes used and their sources are listed in Table 1 . Nsukka is located on latitude 6 51'E, and longitude 7 29'N of 475 m above sea level, characterized by lowland humid condition with bimodal annual rainfall distribution that ranges from 1,155 mm to 1,955 mm, a mean annual temperature of 29 °C to 31 °C and relative humidity that ranges from 69% to 79% (Uguru et al., 2011) .
The experiments were laid out in randomized complete block design (RCBD) with three replications. Plots measuring 4 x 3 m each were used for the planting of each genotype. Five seeds were sowed with a spacing of 20 x 20 cm per hill and were later thinned down to two seedlings per hill. Inorganic fertilizer of 0.078 kg urea, 0.2 kg of single super phosphate and 0.06 kg of muriate of potash were applied per plot. Urea of 0.078 kg was also applied to the plots at the booting stage as top dressing. The fertilizers were applied manually between the rows of rice seedlings. Bird scaring was carried out with the aid of a scarecrow and weeding was done manually as when due.
Harvesting was carried out at the hard dough stage when over 90% of the spikelets were golden and hard, that is at approximately twelve weeks after planting (WAP). Data were collected on the following plant attributes: days to 50% flowering, plant height (cm), number of tillers/plant, number of panicles/m 2 , number of spikelets/panicle, number of fertile spikelets/panicle, days to maturity, 1,000 seed weight (g) and grain yield (t/ha).
Data obtained were subjected to analysis of variance (ANOVA) following randomized complete block design (RCBD) procedures using GenStat Release 10.3 DE Discovery Edition 4 software (GenStat, 2011) . Correlation analysis was done to study relationship among the traits measured.
The phenotypic variation for each trait was partitioned into genetic and non-genetic (environmental) factors according to (Sharma, 1988) controlled more by the genetic makeup than the environmental factors. This idea is in accordance with (Lotan et al., 2012) who observed a less fluctuation in rice grain yield over changes in environmental conditions, hence, a variety possessing reasonable stability for yield is desirable for minimizing yield loss over contrasting conditions.
The two years combined agronomic performance of the rice genotypes presented in Table 3 showed significant differences among the genotypes in respect to all the traits except in plant height and number of tiller per plant. Genotype 'WAB 35-1-FX2' exhibited the highest grain yield of 3.40 t/ha that was significantly different from the other rice genotypes. The lowest grain yield of 1.85 t/ha was obtained in 'FAROX 16 (LC)', which differed significantly from the other rice genotypes. The result collaborates with (Ukaoma et al., 2013) who observed performance differences among rice genotypes.
The result of grain yield stability performance over the two years presented in Table 4 revealed that genotypes 'WAB 33-25', 'WAB 56-1-FX2', 'WAB 56-39', 'WAB 56-125', 'ITA 150' and 'FAROX 16 (LC)' were the most stable genotypes, as they exhibited the lowest interaction principal component axis 1 (IPCA1) value of 0.046, while the least stable genotype was obtained in 'WAB 35-1-FX2'. Stable genotypes are less dependent upon good environments to perform well, and this makes their yield more predictable (Biswas et al., 2011) . However, Al-Otayk (2010) argued that a genotype with stable and high yield across different environments would be a more suitable cultivar and perhaps a donor parent for further breeding programme. Thus, genotypes 'WAB 56-1-FX2', 'WAB 56-39', 'WAB 99-H-14-HB' and 'WAB 33-25' are recommended for use owing to their high grain yield and stability. Genetic variation in populations of crop species is important for successful selection and yield improvement programs (Idahosa et al., 2010) . Genotypic variances ranging from 0.72 (grain yield) to 542.98 (number of spikelets/panicle) and phenotypic variances ranging from 0.73 (grain yield) to 549.69 (number of spikelets/panicle) among the agronomic traits considered were obtained in the first year planting. In the second year planting, genotypic variances ranged from 0.10 (grain yield) to 114.37 (number of spikelets/panicle), whereas phenotypic variances ranged from 0.12 (grain yield) to 370.42 (number of spikelets/panicle). High genotypic variance values of 542.98, 382.01, and 75.27 were obtained for number of spikelets/panicle, number of panicles/m 2 and days to maturity, respectively in first year planting. Similarly, high genotypic variances of 114.37, 79.69 and 15.90 were also obtained for number of spikelets/panicle, number of panicles/m 2 and days to 50% flowering, respectively in second year planting (Table  5) .
Genotypic coefficient of variation (GCV) provides a measure of genetic variability present in various quantitative traits. High amount of GCV was obtained in grain yield 113 (38.57%) followed by number of tillers/plant (26.21%) and number of panicle/m 2 (25.97%) and a phenotypic coefficient of variation (PCV) of 38.84%, 31.91% and 25.97%, respectively, while the least GCV and PCV was obtained in days to maturity of 6.83% and 6.90%, respectively in the first year planting. The results obtained for the second year planting showed that number of tillers/plant (20.62%) had the highest GCV, followed by grain yield (12.16%) and number of spikelets/panicle (8.62%). PCV of 24.24% for number of tillers/plant, seconded by number of spikelets/panicle (15.52%) and 1,000 grain weight (14.53%) were observed. The lowest GCV and PCV were obtained in days to maturity of 3.02% and 3.12%, respectively (Table 5) . Coefficients of variation studies indicated that the estimates of PCV were slightly higher than the corresponding GCV estimates for all the traits studied, indicating that the characters were less influenced by the environment. Devi et al. (2006) , Prajapati et al. (2011) and Sandhya et al. (2014) earlier also reported similar result as observed in this present study in rice. Therefore, selection on the basis of phenotype alone can be effective for the improvement of these traits. 0.59 *,** Significant at 5% and 1% level, D50F = Days to 50% flowering, PH = Plant height (cm), NT/P = Numbers of tiller per plant, DM = Days to maturity, NP/M2=Number of panicle per meter square, NS/PA= Number of spikelets panicle, NFS/PA= Number of fertile spikelets per plant, 100WG=1,000 seed grain weight (g), GY= Grain yield (tone/ha), Msg= mean square of the genotypes, Ve= Environmental variance, Vg= Genotypic variance, Vp= Phenotypic variance, %C.V= Percentage coefficient of variation, GCV= Genotypic coefficient of variation, PCV= Phenotypic coefficient of variation, ECV= Environmental coefficient of variation, Hbs = Broad sense heritability (%), GA= Genetic advance
In the first year planting, high broad sense heritability (h 2 bs) estimates were recorded for number of spikelets/panicle (98.78%), grain yield (98.63%), plant height (98.34%) and days to maturity (97.92%), while the results for second year planting experiment showed that days to 50% flowering (96.72%), days to maturity (94.14%), grain yield (83.33%) and number of tillers/panicle (72.34%) were among traits with high broad sense heritability (Table 5 ). The results suggested that these traits would respond to selection owing to their high genetic variability and heritability. Similar findings were also reported by Anandrao et al., 2011 , Sandhya et al., 2014 . A perusal of genetic advance for all the quantitative characters under study ranged from 1.56 (number of tillers/plant) to 47.70 (number of spikelets per panicle). High genetic advance was observed for number of spikelets/panicle (47.70) and number of panicle/m 2 (39.64). Days to maturity (17.68), plant height (17.48), days to 50% flowering (15.43) and number of fertile spikelets/panicle (13.69) showed moderate genetic advance. Lowest genetic advance was observed for number of tillers/plant (1.56) followed by grain yield (1.74) and 1,000 grain weight (5.42) for the first year planting. For the second year, the number of panicle/m 2 showed a moderate genetic advance of 13.18, followed by number of fertile spikelets/panicle (12.24). Grain yield, number of tillers/plant and 1,000 grain weight showed a low genetic advance of 0.59, 1.44 and 2.76, respectively. High heritability coupled with high genetic advance was observed for number of spikelets/panicle and number of panicle/m 2 . This indicates the lesser influence of environment in expression of these characters and prevalence of additive gene action in their inheritance hence, amenable for simple selection. Days to 50% flowering, plant height, days to maturity and number of fertile spikelets/panicle had high heritability with moderate genetic advance, indicating that the characters were also governed by both additive and nonadditive gene actions. Similar results were reported by Vivek et al. (2005) , Jayasudha and Sharma (2010) and Sandhya et al. (2014) .
Correlation of yield and other traits is important in indirect selection for high yield improvement in crop genotypes (Machikowa and Laosuwan, 2011) . The results of the correlation coefficient among some agronomic traits of rice are shown in Table 6 . The mean of both years were used for the correlation analysis. There was a significant and positive correlation of grain yield with number of panicle/m 2 (r = 0.1895, p ≤ 0.05), number of spikelets/panicle (r = 0.2358, p ≤ 0.05), number of fertile spikelets/panicle (r = 0.1672, p ≤ 0.05) and 1,000 grain weight (r = 0.1247, p ≤ 0.05). Grain yield had positive, but non-significant correlation with plant height (r = 0.1635) and number of tillers/plant (r = 0.0419). Conversely, grain yield exhibited negative correlation with days to 50% flowering (-0.3009), and days to maturity (-0.2650), but not significant. The significant and positive correlation between grain yield and number of panicle/m 2 , number of spikelets/panicle, number of fertile spikelets/panicle and 1,000 grain weight is a strong indication that these traits are major factors in improving grain yield of rice. This suggests that selection directed towards these characters will be effective in ensuring high grain yield in rice. These results collaborate with the finding of Ogunbayo et al. (2014) who observed a positive and significant correlation between grain yield and number of panicle/m 2 . The negative correlation obtained between days to 50% flowering, days to maturity and grain yield indicate that grain yield can be improved by selecting early flowering and maturing genotypes.
Conclusions
In conclusion, the two years combined agronomic performance of the rice genotypes showed significant differences among the genotypes in respect to all the traits. Genotype 'WAB 35-1-FX2' exhibited the highest grain yield significantly different from the other rice genotypes. Mean of both years used for the correlation analysis showed a significant and positive correlation of grain yield with number of panicle/m 2 , number of spikelets/panicle, number of fertile spikelets/panicle and 1,000 grain weight. 1247 ⃰ GY 1 *,** Significant at 5% and 1% level, respectively, ns=Not significant, D50F= Days to 50% flowering, PH= Plant height (cm), NT/P= Numbers of tiller per plant, DM= Days to maturity, NP/M2=Number of panicle per meter square, NS/PA= Number of spikelets panicle, NFS/PA= Number of fertile spikelets per plant, 100WG=1,000 seed grain weight (g), GY= Grain yield (tone/ha)
References

